ABSTRACT New species of Cosmopterosis Amsel were discovered feeding on Capparis L. (Capparaceae) during exploration for caterpillars in the Area de Conservació n Guanacaste (ACG), Costa Rica. Cosmopterosis is revised and now includes four species. Three new species, C. hispida, C. jasonhalli, and C. spatha, and the immatures of C. spatha and biology for two species, C. jasonhalli and C. spatha, are described; the type species, C. thetysalis (Walker), is redescribed. A key and illustrations for the identiÞcation of the species is provided. We propose a hypothesis for the relationship between species in Cosmopterosis and the placement of Cosmopterosis in the subfamily. The cladistic analysis, the Þrst such analysis in the Glaphyriinae, included 21 morphological characters one of which, the radiodiscal process, a male secondary sexual character and presumably an androconial scent pouch is described and considered a autapomorphy for the genus. Male secondary sexual characters and larval feeding on Capparis in Pyraloidea and Lepidoptera is discussed.
We examined and dissected pinned specimens after abdomens were soaked in 10% potassium hydroxide and wings soaked in bleach. Dissections were stained in chlorozal black for genitalia, and Eosin-Y for wings. Genitalia were placed in vials with glycerine and/or slide mounted in Canada balsam or Euparol (Clarke 1941 , Holloway et al. 1987 . Measurements were made with an ocular micrometer. Terminology follows Hinton (1946) , Neunzig (1979) , Wooton (1979) , Klots (1970) , Maes (1985 Maes ( , 1995 Maes ( , 1997 , Yoshiyasu (1985) , Phillips and Solis (1996) , and Solis and Maes (2002) . Morphological structures were photographed using the Microptics imaging system and retouched with Adobe Illustrator (Adobe Systems, Mountain View, CA).
Cladistic Methods. We studied six taxa for potentially informative characters and disregarded only those that were not stable within a species. Autapomorphic characters were included in the matrix because they may be informative for future studies. We conducted an exhaustive search in PAUP* (Swofford 1998) to Þnd all possible trees. Decay indices were calculated using TreeRot (Sorenson 1999) . Character state changes were plotted on the hypothesized tree using unambiguous character transformation using Winclada (Nixon 1999).
Systematics
Taxa. Because of the lack of knowledge of the phylogenetic relationships among the 33 Neotropical glaphyriine genera, representatives of each genus were examined externally. Outgroup taxa were chosen from the currently described genera of Glaphyriinae, with special consideration given to those genera that shared one or more diagnostic characters with the holotype of the type species C. thetysalis. These shared features of particular importance included the presence of cataclystiform spots (Munroe 1991) as well as squamiform and/or piliform scales between CuA 2 and CuP on the dorsal surface of the hindwing. Species with these shared characteristics were then assessed for similarities in the male and female genitalia, notably a prolonged uncus and a posteroventral extension of the sacculus. Ingroup species were determined to possess hypothesized autapomorphies for the genus, which included specialized scales on the male forewing and male genitalic characters that were tested in the cladistic matrix.
Characters. The 21 characters and their states used for the analysis are listed below and presented in Table 1 . All characters are binary. Seven characters are from the wings, one from the abdomen, 10 from the male genitalia, and three from the female genitalia.
1. Male forewing with radiodiscal process: (0) absent; (1) present (Fig. 11) . The males of Cosmopterosis possess a set of strong, fused setae whose bases originate above the discal cell at the conßuence of the radial sector. This Þngerlike process is hinged along the radial vein and is covered with long, dense scales that lay over the discal cell. The discal cell is obscured by the scales on this process as well as similar scales more basal along the radial sector and more apical along vein Rs 4 . The specimens with this process also possess a dense patch of appressed setae along the anterobasal border of the discal cell that may represent an additional character. This radiodiscal process (often referred to as a costal fold) has never been described previously and is considered to be a autapomorphy for Cosmopterosis. 2. Distal discal cell of male forewing with a dense patch of erect setae: (0) absent; (1) present (Fig. 11) . The males of Cosmopterosis have the membrane at the apex of the discal cell covered by an erect patch of setae that is distinct from the appressed setae along the anterobasal border. 3. Male forewing with a patch of erect setae distal to the discal cell above M 2 : (0) absent; (1) present (Figs. 1 and 4) . Cosmopterosis thetysalis and C. hispida have males with an additional patch of erect setae as described above. 4. Forewing postmedial line color: (0) brown; (1) silver (Figs. 1Ð 4). 5. Hindwing spatulate scales between veins CuA 2 and CuP: (0) absent; (1) present. 6. Hindwing cataclystiform spots: (0) circular, entire; (1) basally biÞd, medially separate (Figs. 1Ð 4). 7. Hindwing cataclystiform spots ventrally: (0) visible; (1) not visible. 8. Venter VII with a distinct set of more robust setae on the posterolateral corner: (0) absent (Fig. 7) ; (1) present (Fig. 8) . The abdomens of all the investigated taxa are covered with dense scales and setae; C. jasonhalli and spatha have a patch of setae located on the posterolateral corner of venter VII. These setae are distinct in that they are longer and stronger and the sockets Þtting to their bases are larger and noticeable even after the setae are removed during dissection. Taxon  Character/state   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21   argentistriata  0  0  0  1  0  1  0  0  0  0  0  0  0  0  0  0  0  0  1  1  0  punctissimalis  0  0  0  0  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  hispida  1  1  1  1  0  1  0  0  1  1  1  1  1  1  1  1  1  1  1  1  1  jasonhalli  1  1  0  1  0  1  0  1  0  1  0  1  1  1  1  1  1  1  1  1  1  spatha  1  1  0  1  0  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  thetysalis  1  1  1  1  0  1  0  0  1  1  1  1  1  1  1  0  1  0  1  1  0 9. Base of uncus: (0) narrow, not expanded much wider than rest of uncus, subtended or terminate, adjacent to posterior margin of tegumen (Figs. 9 and 10); (1) expanded dorsolaterally and medially invaginate, signiÞcantly overlapping posterior margin of tegumen (Fig. 16) . In all of the species of Cosmopterosis, the base of the uncus is concave ventrally and expanded dorsolaterally giving it a carapacelike appearance. Likewise, there is a deep notch medially at the anterior margin. This invagination seems to accommodate the phallus when it everts during copulation. 10. Ninth segmental ring of male terminalia with vinculum: (0) composing no Ͼ50% of circumference, tegumen equal in size or larger (Figs. 9 and 10); subbasally before widening, and sharpened by carinae dorsolaterally, dorsomedially, and ventromedially. The dorsomedial carina is heavily armed with recurved spines apically. 14. Pseudognathos with "apical cone:" (0) absent (Figs. 9 and 10); (1) present (Figs. 12 and 14 Ð17) . In addition to the uniformity in the shape of the pseudognathos, the species of Cosmopterosis also possess a membranous process at the apex of the pseudognathos. This process is conical in shape with a pair of anteriorly pointing, setiform extensions. 15. Sacculus with enlarged ventral process: (0) absent (Figs. 9 and 10, and 14) ; (1) present (Figs. 15Ð17) . Excluding one new species (C. hispida), the males of Cosmopterosis all have an extension of the posteroventral margin of the sacculus near its apex. In two of these species, C. jasonhalli and C. thetysalis, the process is pointed (Figs. 15 and 17) , and in C. spatha it is spatulate (Fig. 16 ). 16. Sacculus with denticles above process: (0) absent;
(1) present (Figs. 15 and 16) . Cosmopterosis jasonhalli and C. spatha have a patch of thickened, denticulate extensions on the inner surface of the sacculus that is located above the posteroventral process in the previous character. 17. Juxta with deep median channel: (0) absent (Figs. 10 and 14) ; (1) (Figs. 9 and 10, 14, 17); (1) present (Figs. 15 and 16) . The membranous area that spans the ring of the ninth segment is described by Klots (1970) as the diaphragm and the eversible cone that connects to the zone of the phallus as the anellus. Two species of Cosmopterosis have a set of setae on the anellus lateral to the juxta. When the phallus is everted, these setae seem to have an association with the denticles of the sacculus (character 16) based on their close, physical proximity. 19. Anterior apophyses with pointed process in middle: (0) absent; (1) like process extending medially from this thickened area. 20. Signa with thickened denticles: (0) absent; (1) present (Figs. 18 Ð20 ). The surface of the membrane forming the corpus bursae has denticulate microsculpturing in all females here analyzed. All of the females except P. punctissimalis have signa that are formed from a distinct thickening of these denticles with the denticles becoming increasingly more robust toward the center of the signa. 21. Signa: (0) shorter, length less than distance between signa; (1) longer, length at least 1.5X distance between signa (Fig. 19) . C. spatha has the autapomorphic state of the thickened denticles forming the signa to be continuous, that is the outer edge of the left and right signa meet at the anterior end.
Phylogenetic Analysis. The exhaustive search in PAUP* produced a single shortest tree ( Fig. 13 ) with a length of 22 steps (CI ϭ 0.95, RI ϭ 0.94). A monophyletic grouping of the species related to C. thetysalis is strongly supported (decay index ϭ 8). The characters that strongly support this are the presence of a radiodiscal process (character 1) and a dense patch of erect setae (character 2) in the discal cell of the male forewing, an uncus with a concave base (character 9), a ninth segmental ring of the male terminalia with the vinculum at least 80% of circumference (character 10), the dorsal articulation between the vinculum and the valva adjacent (character 11), the uncus with dorsal recurved setae (character 12), and the pseudognathos large and complex (character 13) with an apical cone (character 14). Diagnosis. Species are easily recognized by the distinct patterns on the fore-and hindwings. The forewings (Figs. 1Ð 4) are mostly reddish and dark brown with obscure lines except the postmedial line, which is a compound line of silver apically and brown basally; the subterminal, which is silver; and the terminal, which is composed of a line of isolated black spots. The postmedial line is strongly angled toward the wing base at the tornus and the area anterior of this longitudinal section, distal to the discal cell, is species speciÞc in its coloration. The area between the subterminal and terminal lines is yellow. Males have a radiodiscal process (character 1) as described above. All species have distinct cataclystiform spots on the hindwing and have erect piliform scales between veins CuA 2 and CuP. In addition to these external features, the males possess distinctive characters in their genitalia described above (characters 9, 12Ð15). Species are all easily recognized by characters in the genitalia but can also be distinguished by a combination of external characters.
Cosmopterosis Amsel

Cosmopterosis
Adult. Head (Figs. 1Ð 4) . Frons creamy white laterally and dorsally, brown medially. Vertex with setae creamy white to yellow basally and yellow to reddish brown apically, vertex looking mostly reddish brown, but with mixture of pale yellow and creamy white. Antennae Þliform, laminate, dull gold; scape covered with mixed creamy white and gray scales; pedicel and ßagellomeres covered with silver-gray scales dorsally, with short, golden setae ventrally, and two rows of Figs. 14-17. Male genitalia of Cosmopterosis. 14. C. hispida Solis, n. sp. 15. C. jasonhalli Solis, n. sp. 16. C. spatha Solis, n. sp. 17. C. thetysalis Walker. longer, golden setae ventromedially and ventrolaterally. Labial palpus three-segmented, basal segment arcuate, apical segment with an internal channel open apically, basal and middle segments creamy white basally and apically, grayish brown in middle, apical segment creamy white. Maxillary palpus three-segmented, basal and middle segments cylindrical, apical segment spheroidal, mixed creamy white and grayish brown. Proboscis much longer than labial palpus. Ocelli present, disc mostly black, lens metallic gold. Chaetosemata absent.
Thorax (Figs. 1Ð 4) . Pronotum brown medially with lateral margins creamy to yellowish white. Mesonotum mostly brown medially, only extreme bases of scales creamy white, creamy to yellowish white laterally. Pleura and sternites yellowish silver. Legs yellowish silver. Forecoxa grayish brown anterodorsally. Fore-and midlegs grayish brown dorsally on femora and tibiae, and basally on tarsomeres. Midleg with one pair of tibial spurs. Hindleg with two pairs of tibial spurs.
Forewing (Figs. 1Ð 4). Costa almost straight, slightly arcuate; apex acute, but evenly rounded; termen straight to CuA 1 ; tornus obtuse and evenly rounded; distal apex of discal cell poorly deÞned; M 1 straight, base closer to base of Rs 4 than M 2 , but not approximate; M 2 arising separately from discal cell, but approximate to origin of M 3 . Postmedial line continuing from costa posterolaterally in gentle arc, approximate to termen at CuA 2, then strongly angled basally for short distance before angling toward tornus, reßec-tive, metallic, silver when viewed dorsally, gray when viewed obliquely, margined basally by thin, rufous band, silver component not reaching costa anteriorly; subterminal line silver, not reaching costa or tornal margin; area between postmedial line and subterminal line mostly rufous, golden yellow in narrow band approximate to postmedial line; terminal line black, discontinuous and showing up as spots at apices of longitudinal veins; apical fringe double, dorsal fringe dark gray, half length of ventral fringe, ventral fringe whitish silver. Male with a dense patch of appressed, brown-tipped scales from middle of R to furcation of radial sector that obscures most of discal cell and dense patch of erect, Þliform setae underneath, and a patch of dense, erect scales at apex of discal cell to anterad base of M 1 ; these absent in female. Ventral surface mostly yellowish silver to pale brown, inner posterior margin whitish silver to 1Aϩ2A, medial line and postmedial line pale brown, medial line fading toward posterior margin. Retinaculum composed of dense patch of anteriorly facing, appressed scales between bases of CuA 1 and 1Aϩ2A.
Hindwing (Figs. 1Ð 4). Costa almost straight; termen slightly crenulate to tornus. Above basal half white to yellowish white; apical half with diffuse pattern of brown-tipped scales; margin with six large, silver-metallic, black-margined cataclystiform spots, spots rounded along crenulae of termen distally, deeply invaginated proximally; apical fringe double, dorsal fringe yellowish silver proximally, dark grayish brown distally, half length of ventral fringe, ventral fringe yellowish silver. Below mostly yellowish silver, apex pale brown, costa more yellow. Ventral surface lacks a patch of erect scales between veins CuA 2 and CuP. Female frenulum with two setae.
Abdomen. Male tergite I whitish silver, tergites IIÐ VII yellowish silver with pale brown basal border, tergite VIII and dorsal terminalia mostly pale brown, sternites yellowish silver slightly darker basolaterally, apex of valva pale brown. Tympanal organs crambiform; tergo-sternal sclerite strongly sclerotized; bulla tympani ovate, longer than wide; fornix tympani weakly sclerotized, posteromedial margin extended almost to pons tympani, thus ala tympani extremely short and ligna tympani almost transverse; tympanum greatly enlarged, conjuctivum reduced to transverse strip; spinula pyriform; processes tympani enlarged, broadly lamellate; pons tympani strongly divergent; ramus tympani weakly sclerotized, arcuate, not strongly angled medially; venula prima almost straight, but sharply angled, posterior width of tympanal organs half width of anterior width; zona glabra tympani extremely short; puteolus tympani absent.
Male Genitalia (Figs. 12 and 14 Ð17). Tegumen short, vinculum composing all but transverse dorsal portion of ninth segmental ring, saccus robust, thickened, lateral arms narrowing dorsally; uncus expanded dorsolaterally and medially invaginate, signiÞcantly overlapping posterior margin of tegumen, narrowly extended, dorsally convex and arched in both longitudinal and lateral planes, densely, but Þnely setose dorsally, dorsal subapex with two pairs of strong, recumbent setae, extreme apex in lateral view recurved, in dorsal view bifurcate, ventrolateral margin carinate, sclerotized medially on ventral surface, membranous laterally, median sclerotization acutely pointed posteriorly; pseudognathos continuous with tegumen, transverse basally, narrowing subbasally, and expanded distally before becoming apically acute, dorsolateral margins carinate, medially carinate and heavily armed with recurved spines apically, extreme apex with posteroventral, conical extension and pair of dorsoanteriorly directed spines, ventral surface fully sclerotized with a median carina; transtilla weakly sclerotized, but continuous medially, simple, straplike, and arched medially; juxta ovate, much higher than wide; valva spatulate subapically, apex bluntly attenuate, surfaces and margins sparsely setose, inner surface with transverse rugae in distal half, costa strongly thickened basally, attenuate distally, almost reaching apex; coecum long, 0.75ϫ length of remaining phallus, phallus biÞd apically, moderately sclerotized, cornutus a dense patch of long, straight spicules.
Female Genitalia (Figs. 18 Ð20). Papillae anales longitudinally shortened, in posterior view kidneyshaped, concave medially, setae densely covering surface, setae stronger at external margin and becoming weaker toward center; tergite VIII weakly sclerotized dorsomedially, membranous laterally; venter VIII membranous; posterior apophyses slender, turning medially near midpoint; anterior apophyses robust, 2ϫ length of posterior apophyses, thickened near midpoint, with a medially directed process at approximately one third its length; ostium bursae narrowing anteriorly to cervix bursae; corpus bursae spherical, Ϸ0.5ϫ to subequal in length of segment VII, weakly spiculate; ductus bursae 2ϫ length of segment VII, slightly expanded near corpus bursae, inserting at corpus bursae posteroventrally; signa oval, 3ϫ longer than wide, medially concave, densely spiculate, spicules larger centrally, spicules grading to Þne setiform structures toward margin; ductus seminalis inserted into ventral surface of ductus bursae anterad cervix bursae; spermathecal duct coiled, spermathecal vesicle weakly sclerotized laterally.
Species Variation. There is considerable variation among specimens within any given species. Subtle variations of hue and tone exist, but are not explicitly noted.
Distribution. Western Mexico (Nayarit, San Luis Potosi, Sinaloa) east to the Republic of Trinidad and Tobago and south to Paraguay.
Biology. Specimens from Costa Rica have been reared from Capparis and Forchhammeria (Capparaceae).
Remarks. Amsel (1956) described Cosmopterosis for Cataclysta thetysalis Walker, which at the time was placed in Aulacodes Guené e. He was impressed by its ornate wing pattern (cosmo-ϭ ornamental, ptero-ϭ wing) and stated that the morphology precluded it from belonging to Aulacodes, in the Acentropinae or any of its synonyms because those type species had a completely different morphology. But he did not explicitly state which characteristics were unique to C. thetysalis. Amsel never saw the holotype and erected the genus based on voucher specimens "determined by Martin" at the BMNH that we subsequently determined to be an undescribed species. Cosmopterosis remains a valid taxon with no species having been added by description or combination. Munroe (1964) placed Cosmopterosis in Glaphyriinae where it currently resides. Forbes (1920) Þrst deÞned Glaphyriinae based on a patch of erect scales on the hindwing between veins CuA 2 and CuP, but Solis and Adamski (1998) demonstrated that these scales were not present on all species within a genus and were completely lacking among the species in some genera such as Cosmopterosis. Munroe (1964) added several new taxa to the subfamily using the concept of Forbes (1920 Forbes ( , 1924 , but to date no cladistic analyses based on either morphological or molecular characters among the glaphyriine taxa exist. Genericlevel relationships within the subfamily are completely unknown so some of the currently recognized genera are likely to be either paraphyletic or polyphyletic.
Key to Species of Cosmopterosis
Hindwing upper surface with cataclystiform
spots incomplete, middle area with brown scales concolorous as those of adjacent area of hindwing (Fig. 4) . Sacculus with posteroventral ßange Ͼ5ϫ longer than wide and apex rounded (Fig. 17) . Internal, sclerotized part of phallus with spicules (Fig. 17) . Apical half of valva parallel-sided, apex evenly rounded (Fig. 17) . Basal (posterior) one fourth of ductus bursae Ͻone-third width of segment VII and smooth, with no rugosity (Fig. 20) (Fig. 1 ). Male forewing with circular patch of erect setae apical to overhanging setae of radiodiscal process above M 2 (Fig.  1) . Sacculus lacking substantial posteroventral ßange or spicules near posterior margin (Fig. 14) . Anellus lacking patch of eversible setae (Fig. 14) . Juxta with sclerotized dorsal extension with strong, long spines forming large brush (Fig. 14) (Fig. 15) . Signa smaller, length less than distance between signa, clearly independent of each other (Fig.  18) Diagnosis. Males of C. hispida are distinguished from other species of Cosmopterosis by the coloration basal to the transverse area of the postmedial line and anterior to the longitudinal portion of the postmedial line (Fig. 1) . This area is wholly colored yellow and brown, with no white scales. All other species have white scales posteriorly in this area.
Adult. Head (Fig. 1) . Proboscis with basodorsal scales mostly pale reddish brown with few creamy white.
Thorax (Fig. 1) . Patagium brown medially, with lateral margins creamy to yellowish white. Tegula mostly brown basally, creamy white centrally, medially and laterally with reddish brown-tipped scales.
Forewing (Fig. 1) . Above, apical two thirds mostly rufous; most of costa and basal one fourth creamy to yellowish white with brown-tipped scales scattered throughout; basal, subbasal, antemedial, and medial lines obscured by scattered brown-tipped scales; area basal to anterior portion of postmedial line yellow and brown with no white scales. Male with another patch of erect scales beyond appressed scales. Ventral surface with costa and apical one Þfth pale brown.
Hindwing (Fig. 1) . Above, subbasal and medial lines not evident, area between with subbasal rufous spot; postmedial and subterminal lines evident as more densely spaced, brown-tipped scales. Below, medial line not visible, postmedial line pale brown, cataclystiform spots distinct, mostly silver with narrow black margin apically and broader black margin basally.
Abdomen (Fig. 1) . Male tergite I pale brown medially.
Male Genitalia (Figs. 12 and 14) . Juxta with shallow median channel that dissipates dorsally at anellus, dorsally acuminate; anellus bordered laterally by sclerotized extensions with strong, long spines forming large brush; sacculus more strongly sclerotized than rest of valva, apex with very short, bluntly pointed extension.
Female Diagnosis. Externally, this species can only be recognized by comparison and exclusion and is most easily identiÞed using the key to species. It shares with its sister species, C. spatha, the absence of a patch of erect setae distal to the apex of the discal cell on the male forewing as well as the absence of the diagnostic coloration of the forewing of C. hispida and the hindwing of C. thetysalis (cf. Figure 2 with Figs. 1 and 3, and 4). Specimens can be distinguished from C. spatha by the presence of cataclystiform spots on the lower surface of the hindwing, which are absent in C. spatha.
Adult. Head (Fig. 2) . Frons pale gray ventrally. Proboscis with basodorsal scales grayish brown.
Thorax (Fig. 2) . Patagium creamy white, brown medially. Tegula mostly brown mixed with some creamy white scales.
Forewing (Fig. 2) . Above, costa and apical one third golden yellow; basal one fourth ocherous to very pale brown; basal, subbasal, and antemedial lines diffuse, with brown-tipped scales, but indicated by pale brown intersections with costa; medial line pale brown to brown at costa and posteriorly to M 1 , fuscous to hind margin; area between antemedial and medial lines rufous; area basal to anterior portion of postmedial line yellow dorsally, white toward middle and posteriorly. Ventral surface with costa and termen reddish yellow, area between dorsal postmedial and medial lines yellowish white.
Hindwing (Fig. 2) . Above subbasal and medial lines composed of diffuse brown-tipped scales; area be-tween rufous; postmedial and subterminal lines composed of diffuse brown-tipped scales, slightly obscured by adjacent scales of similar color. Below medial line and postmedial line obscure, cataclystiform spots visible.
Abdomen (Fig. 2) . Male tergite I with pair of submedial brown spots. Female tergite I yellowish silver with transverse stripe of brown-tipped scales, tergites IIÐVIII mostly pale brown with apical margins creamy white, posterolateral corner of venter VII with patch of distinctly longer, more robust setae with enlarged sockets.
Male Genitalia (Fig. 15) . Juxta with deep median channel that opens posterodorsally to ßuted, biÞd aperture at anellus; anellus bordered laterally by membranous patch with bristlelike setae; sacculus robust, posterior surface deeply concave subapically, medial surface of subapex with broad strip of short spicules, apex with sharply pointed, posteroventral ßange.
Female Genitalia (Fig. 18 ). Ostium bursae posteriorly subequal in width to posterior margin of segment VII, rugose on all surfaces; cervix bursae 0.5ϫ width of ostium bursae, with weakly sclerotized ring anteriorly, rugose and Þnely spiculate dorsally and laterally.
Larva (Fig. 5) . Preserved larvae not available; larval description based on photographs (see Janzen and Hallwachs 2005) . Last instar cylindrical, tapered anteriorly and posteriorly, head dark orange, and A8 Ð A10 dorsally orange. Black dorsally to just above SD1, with an interrupted white subdorsal line. Primary setae arising from distinct pinacula or chalazae (D and SD groups); D2 on white chalazae, larger on A1, A3, A5, and A7, smaller on T2, T3, A8, and A9. Yellow, lateral stigmatal line from prothorax to A7, transparent ventrally looking greenish.
Variation. The ventral surface of the hindwing is marked with distinct cataclystiform spots that mirror those on the dorsal surface, but on some specimens these are faint to almost completely absent, reduced to only a hint of silvery scales. The apex of the posteroventral ßange of the male sacculus ranges in shape from an acutely sharp point, to a longer, bluntly rounded terminus; however, despite the broad distribution of the species, no other character or distributional differences were found to consistently covary with the shape of the ßange. Biology. Several larvae collected in Costa Rica were reared from Capparis frondosa Jacquin and Capparis flexuosa (L.) L. (Capparaceae) (Janzen and Hallwachs 2005) . The adult moths ßy year-round and are found between 50 and 900 m.
Etymology. A patronym honoring the spouse and good friend of the Þrst author, Dr. Jason P. W. Hall, an expert on the family Riodinidae. (Figs. 3 and 6, 8, 16, 19, 21, 22, 23) Diagnosis. Specimens of this species lack cataclystiform spots on the lower surface of the hindwing. (Fig. 3) . Frons grayish brown ventrally. Proboscis with basodorsal scales mostly grayish brown with few creamy white.
Cosmopterosis spatha Solis, New Species
Adult. Head
Thorax (Fig. 3) . Patagium creamy to yellowish white. Tegula mostly brown basally grading to creamy white laterally and posteriorly.
Forewing (Fig. 3) . Above, costa and apical one third golden yellow; basal one fourth ocherous to very pale brown; basal, subbasal, and antemedial lines diffuse, with brown-tipped scales, but indicated by pale brown intersections with costa; medial line pale brown to brown at costa and posteriorly to M 1 , fuscous to hind margin; area between antemedial and medial lines rufous; area basal to anterior portion of postmedial line yellow dorsally, white toward middle, often with rufous or brown scales through the middle. Ventral surface with costa and termen reddish yellow, area between dorsal postmedial and medial lines yellowish white.
Hindwing (Fig. 3 ). Above subbasal and medial lines composed of diffuse, brown-tipped scales; area between rufous; postmedial and subterminal lines composed of diffuse brown-tipped scales, slightly obscured by adjacent scales of similar color. Below medial line and postmedial line pale brown, cataclystiform spots absent.
Abdomen (Fig. 3) . Male tergite I with pair of submedial brown spots. Female tergite I yellowish silver with transverse stripe of brown-tipped scales, tergites IIÐVIII mostly pale brown with apical margins creamy white, posterolateral corner of venter VII with patch of distinctly longer, more robust setae with enlarged sockets.
Male Genitalia (Fig. 16) . Juxta with deep median channel that opens posterodorsally to ßuted, biÞd aperture at anellus; anellus bordered laterally by membranous patch with peglike setae; sacculus robust, posterior surface deeply concave subapically, medial surface of subapex with narrow strip of short spicules, apex with broadly spatulate, posteroventral ßange.
Female Genitalia (Fig. 19) . Ostium bursae posteriorly subequal in width to posterior margin of segment VII, rugose ventrally and laterally; cervix bursae 0.5ϫ width of ostium bursae, with weakly sclerotized ring anteriorly, rugose and Þnely spiculate dorsally and laterally.
Larva (Figs. 6, 23) . Last instar cylindrical, tapered anteriorly and posteriorly. Thick and extremely long setae arising from distinct pinacula or chalazae of D and SD groups (Fig. 23) . Black dorsally to just above SD1 except T2, A1, A3, A5, A7 with only posterior half black. Yellow lateral stigmatal line from prothorax to A7, transparent ventrally looking greenish. Head hypognathous, dark orange; epicranial suture present; frontoclypeus and labrum dark brown, Ϸ1.25ϫ as long as wide; six stemmata, 1 and 2 approximate, 3 and 4 approximate, 5 anterio-ventrad to 6; S2 1.3ϫ as long as S1, SS3 longer than SS2, MG1 short, F1 present near middle of frons, AF1 and AF2 on adfrontal area rather short, La and Aa present, P1 longer than P2, P2 base slightly elevated; labrum with three setae on each side externally and no seta on each side internally; mandible with one row of serrations. T1-3 and A1-10 integument smooth, all segments with prominent chalazae of D and SD setal groups and small pinacula, setae with concolorous pinacula. Prothoracic shield approximately twice as broad as long, anterior to lateral margin ridged and forming an L-shaped sclerotized pattern from lateral view, D2 2.5ϫ as long as D1, XD1, XD2, SD1, and SD2 located on prominent chalazae, XD1 very short, SD1 3ϫ as long as SD2; L group bisetose, anterior to spiracle, L1 and L2 on same elongate pinaculum; SV group bisetose, on different small pinacula. T2-T3 with developed chalaza, D2 Ϸ2ϫ as long as D1; SD group bisetose on similar chalaza as D group; L group trisetose, L2 on larger pinaculum, Ϸ3ϫ as long as L1 and L3; SV1 present, shorter than L2; V seta short. A1ÐA2 with D group very short on separate small pinacula; SD group unisetose, SD1 as long as L2 of T2Ð3; L group bisetose, L2 1.5ϫ as long as L1; SV2 ventrad to SV 1, approximately equal in length; V1 present, approximately one third of SV in length. Setal map of A3-6 in general similar to A1-2, but D and SV group located on chalazae, L3 present, SV group trisetose at base of prolegs. A7 with L2 much longer than those on A3-6. D1 and D2 on A8 located on conical chalazae; L group trisetose, nearly equal in length. A8 and A10 dorsally orange. A9 with D2 on large conical chalaza; SD group unisetose; L group unisetose. Anal shield on A10 with prominent D and SD chalazae and D2, SD1 and SD2 at outer margin of anal shield. Prolegs with crochets triordinal in a mesal penellipse.
Pupa (Figs. 21, 22 ). Segments digitally enhanced with black lines. Ventral view: Truncate top of head with lateral protruded clypeus; labrum narrow; pilifers slightly visible; maxillary palpi absent; labial palpi barely visible; maxilla extending to A4; forefemur visible, prothoracic legs (foreleg) three-quarters length of forewing, reaching to middle of A3; mesothoracic legs (midleg) extending beyond hind margin of A4, slightly longer than antennal sheath; hind tarsi not visible; A5 and A6 with vestigial prolegs; A8-10 with genital oriÞce anteriorly; anus posteriorly with lateral conical depressions. Dorsal view: prothorax smooth; mesothorax without seta; all spiracles on abdominal segments located on developed conical protuberances; surface of all abdominal tergites and wing sheath granulate; paired lateral protuberance present along margin of A9; cremaster somewhat ßattened dorsoventrally with sharp bifurcate apex and four pairs of curved setae.
Material Examined. Fifty-nine males, 56 females. Biology. Several larvae were collected and reared from Capparis mollicella (Capparaceae), as well as Forchhammeria trifoliata (Capparaceae), (Janzen and Hallwachs 2005) . The adults moths ßy year-round and have been collected between 50 m and 1,600 m.
Etymology. spatha (Latin, noun, feminine) ϭ broad blade; a noun in apposition describing the broadly spatulate, posteroventral ßange on the sacculus of the male. (Figs . 4, 7, 17, 20) Cataclysta thetysalis Walker, 1859: 440; Amsel 1956: 110. Diagnosis. This species can be recognized by the distinct pattern of the cataclystiform spots on the upper hindwing (Fig. 4) . The middle of each spot has brown scales the same color as those of the adjacent area of the hindwing rather than the silver and black invaginated pattern present in the other species.
Cosmopterosis thetysalis (Walker)
Adult. Head (Fig. 4) . Setiform scales on vertex apex yellow.
Thorax (Fig. 4) . Patagium uniformly creamy white. Tegula reddish brown laterally and medially, but creamy white centrally.
Forewing (Fig. 4) . Above, costa and apical one third golden yellow; basal one fourth ocherous to very pale brown; basal, subbasal, and antemedial lines diffuse, with brown-tipped scales, but indicated by pale brown intersections with costa; medial line pale brown to brown at costa and posteriorly to M 1 , fuscous to hind margin; area between antemedial and medial lines rufous; area basal to anterior portion of postmedial line yellow dorsally, white toward middle. Male with another patch of erect scales beyond appressed scales.
Hindwing (Fig. 4) . Above subbasal spot obscure, medial line composed of diffuse rufous scales; postmedial and subterminal lines composed of diffuse brown-tipped scales, slightly obscured by adjacent scales of similar color. Cataclystiform spots discontinuous centrally, scales the same color as adjacent area of hindwing. Below medial line and postmedial line pale brown, vestiges of cataclystiform spots, black scales visible.
Abdomen (Fig. 4) . Male tergite I with pale browntipped scales medially.
Male Genitalia (Fig. 17) . Juxta with deep median channel that opens posterodorsally to ßuted, biÞd aperture at anellus; sacculus slightly thickened, surface smooth, lacking denticles, apex with narrow posteroventral ßange 6ϫ longer than wide.
Female Genitalia (Fig. 20) . Ostium bursae posteriorly 0.5ϫ width of posterior margin of segment VII, surfaces smooth; cervix bursae 0.75ϫ width of ostium bursae, rugose and Þnely spiculate dorsally and laterally; left and right signa isolated anteriorly.
Immature Stages. Unknown. Material Examined. Five males, 5 females. 
Discussion
There has been signiÞcant progress in the last two decades on the study of Lepidoptera, but many aspects about their biology and morphology remain poorly known. In Costa Rica progress has been made by D.H.J. and W. Hallwachs where a massive rearing effort has resulted in data about immature stages and in long series of adult specimens of Lepidoptera. Such studies, and other similar studies all over the world, expand our knowledge about species: we learn what it looks like during its many early stages of life, what it is doing in its habitat, what it eats, and perhaps what eats it. In addition, the morphological and biological data that the immature stages provide has resulted in more robust phylogenetic studies. The long series of specimens collected in the same locality has opened the doors to the study of intraspeciÞc variation in adults and the discovery of behaviorally interesting characters such as secondary sexual structures.
Secondary sexual structures such as scent-producing structures, associated modiÞed scales, and their glands (Brown and Miller 1983, Birch et al. 1990 ) provide a window into the diversity of lepidopteran adult reproductive behavior. Lepidopteran behavior, glands, and structures such as coremata, androconia, hairpencils, StobbeÕs gland, brushes, alar organs, and osmophores are succinctly summarized by Hallberg and Poppy (2003) . In the past male secondary sexual structures on various parts of the body were thought to be too complex and too variable to provide any phylogenetic information above the species level. Recent articles have shown that they can be used to deÞne taxa at different levels, for example, at the superfamily level in Yponomeutoidea (Hsu and Powell 2005, Landry 2007) , at the subfamily level in Noctuidae (Wagner 2007) , at the tribal level in Ctenuchini (Weller et al. 2000) and Tortricinae (Brown 1990) , at the tribal, generic, and species level in Riodinidae (Hall and Harvey 2002) , at the generic level in noctuids (Troubridge and Lafontaine 2007) , at the ge-neric and species level group in Heliodinidae (Hsu and Powell 2005) , and at the species group level in conjunction with mitochondrial data in Ctenuchini (Schneider et al. 1999 ) and with host plant data and ultrasound production in milkweed tussock moths (DaCosta et al. 2006) .
In Pyraloidea, many species have secondary sexual structures with specialized scales, singly or in patches, sometimes associated with membranous structures such as folds or hairpencils on various parts of the body such as antennae, maxillary and labial palpi, alar organs such as pockets, costal wing folds, and forewing sound producing organs, hairpencils on the thorax, legs, and abdomen, and coremata associated with the eighth abdominal segment. Often this information is buried in published taxonomic studies and unpublished taxonomic theses (Cashatt 1968 , Clavijo 1990 ).
In the Pyralidae, secondary sexual structures include alar organs in Chrysauginae (Cashatt 1968) and Epipaschiinae (Solis 1993) , antennal, maxillary and labial palpi modiÞcations of epipaschiine heads (Solis 1993) , and in the Phycitinae antennal modiÞcations and abdominal coremata (Heinrich 1956; Horak 1997; Neunzig 1986 Neunzig , 1990 Neunzig , 1997 Neunzig , 2003 Simonsen 2008) . Contrary to prevalent opinion at the time, Janse (1931) , after his outstanding study of epipaschiinae male heads, stated: "I now consider [secondary sexual organs] of so much importance, that I hold that they should always be taken into consideration, not only in deÞning the species, but also in the limiting of a genus . . ." A phylogenetic analysis on a monophyletic group of genera of the Epipaschiinae of the Western Hemisphere by Solis (1993) corroborated JanseÕs idea that secondary sexual characters could be informative at the generic level despite the homoplasy associated with these structures that was often observed superÞcially and/or casually from a higher level taxonomic perspective. Most recently, Simonsen and Roe (2009) investigated the taxonomic signiÞcance of complex scale brushes associated with the eighth abdominal sternite in Dioryctria Zeller (Phycitinae). They found the majority to be homplasious, but eight characters were unique apomorphies.
Descriptions of secondary sexual structures in the Crambidae exist in taxonomic research papers, but there is a paucity of major phylogenetic analyses that cite examples of informative secondary sexual characters. In the Odontiinae, Leraut and Luquet (1982) described a tribe based on the presence of highly modiÞed structures associated with the male genitalia and androconia associated with sternite VIII. In the Spilomelinae, Clavijo (1990) discussed the generic distribution (Diaphania Stephens, Omiodes Guené e, Palpita Hü bner, and Sparagmia Guené e) of an anepisternal scale organ, two clusters of scale-like structures on the mesothorax. He also proposed the term "parategumen sclerites" for commonly found lateral sclerites located near the base of the tegumen with long hairpencils or brushes. He described the "anal tuft" as specialized scales on the parategumen sclerites and the eighth abdominal segment and as an apomorphy for Diaphania. Sutrisno (1999) found coremata with complex basal structures to be an apomorphy of Glyphodes Guené e group 1 and coremata with simple basal structure with broad, long scales, with sculptured scale tufts as an apomorphy for the monophyletic group of Agrioglypta ϩ Talanga. In Musotiminae, Phillips and Solis (1996) mention specialized thoracic and leg scales at the species level in Neurophyseta Hampson not found in other musotimines, and Solis et al. (2005) mention a costal forewing swelling or pocket in Undulambia Lange.
Glaphyriinae had been historically deÞned by the presence of spatulate scales on the male hindwing between CuA 2 and CuP, but Solis and Adamski (1998) illustrated that not all genera had these scales and that these scales could be piliform, spatulate, or a combination of these scales. In this paper we described the radiodiscal process, a new secondary sexual character on the male forewing, but the diversity of the Glaphyriinae is such that we suspect many secondary sexual structures will be discovered to be apomorphies for other genera.
In addition, caterpillar collecting efforts in Costa Rica (Janzen and Hallwachs 2005) yielded considerable morphological and ecological data about Cosmopterosis larvae reared on Capparis L. In the Area de Conservacion Guanacaste (ACG) in northwestern Costa Rica, C. jasonhalli larvae (Fig. 5) were encountered feeding in presumably sibling groups at very low frequency on the both sides of mature leaves of just three (C. frondosa, C. flexuosa, and C. discolor) of the eight species of Capparis (Capparaceae) that occur in the lowland dry forest that covers the PaciÞc coastal plain of the ACG between 0-and 600-m elevation (see http://janzen.sas.upenn.edu for individual records). Larvae skeletonized the leaf blades and spun light silk over the surface of the leaves, but moved about freely on the leaf surface. There may be 1Ð100ϩ larvae in one group depending on how much the initial group of siblings has been disturbed. They fed both night and day, and were very conspicuous in having red-toorange heads and rears, and strong white-cream dorsal patches against a black background. In ACG, C. jasonhalli larvae have been found only in dry forest (14 different larval groups discovered in 26 yr), and the very similar C. spatha was restricted to ACG rain forest and the lower margins of cloud forest (400 Ð1,200 m). Like its congener, its conspicuous (Fig. 6 ) and social/ gregarious larvae fed on the mature leaves of two species of Capparis (C. frondosa and C. mollicella) and on Forchammeria trifoliata Radlk (Capparaceae), an upper elevation treelet in the lower margins of the cloud forest (22 different larval groups discovered in 11 yr).
Adults of C. jasonhalli have been collected with light traps from the semideciduous intermediate elevation rain forests near Tamazunchale, S.L.P., Mexico, and the very deciduous dry forest of Isla Maria Magdalena, Nayarit, Mexico, south to the dry forests of Paraguay, with the habitats in between ranging from strongly deciduous (e.g., Mexican and ACG PaciÞc coastal forests) to rain forest (Sirena, Osa Peninsula, Costa Rica) to lower cloud forest (Cerro Campana, Panama). This very broad ecosystem coverage over their entire range stands in strong contrast to the apparent restriction of C. jasonhalli to dry forest in ACG. Light-caught adults of C. spatha are known only from Costa Rican rain forest and lower elevation cloud forest sites, just as are the larvae of C. spatha in ACG. These two species undoubtedly co-occur in the area at 400 Ð 600-m elevation on the ACG west slopes of the Cordillera Guanacaste where dry forest and rain forest intergrade. But in general terms, C. jasonhalli is the dry forest Cosmopterosis and C. spatha is the rain forest Cosmopterosis. Both are unambiguously specialists on Capparaceae. The ACG caterpillar inventory has reared Ͼ350,000 wild-caught larvae of Ͼ3,000 species on thousands of food plant species without encountering the very distinctive Cosmopterosis larvae on any other plant family (as well as being conspicuously absent from at least Þve other species of Capparis).
Cosmopterosis larvae are rarely attacked by parasitoids. During a 27-yr period, rearing of 738 wild-caught ACG Cosmopterosis caterpillars have yielded only four tachinids (one species in C. jasonhalli) and 12 braconids (a species of Hypomicrogaster and a species of Microchelonus in C. spatha).
Finally, another interesting observation is the paucity of Capparaceae larval feeders in the Lepidoptera. With an upper estimate of Ϸ482,000 lepidopteran species (Solis and Pogue 1999) , larval feeding of Capparaceae is relatively rare in lepidopteran families and restricted to speciÞc genera presumably due to glucosinolates that may serve as either detection cues to the adapted or as a deterrent to unadapted lepidopterans (Futuyma 1986 ). The Pieridae is an exception where hundreds of species are known to feed on Capparaceae, Ϸ90 species on Capparis, and their ecological interactions with Capparaceae and Brassicaceae have been well studied (e.g., Renwick 2001) . But there are only 11 known Capparis-feeding species in other lepidopteran families: Cosmopterigidae (one species), Gelechiidae (one species), Gracillariidae (two species), Lymantriidae (one species), Tortricidae (three species), Yponomeutidae (two species), and Thyrididae (two species) (Robinson et al. 2007 ).
Capparaceae-feeding in the Pyraloidea has infrequently evolved independently geographically and taxonomically in several subfamilies of the Crambidae; there are no published records of species reared on Capparis or Capparaceae in Pyralidae. Published records of Capparis-feeding includes Crocidolomia Zeller (11 species; Evergestinae; two species reared) in Asia and Africa, Stiphrometasia Zerny (four species; Cybalomiinae; one species reared) in the Middle East and Russia, and Styphlolepis Hampson (six species; Midilinae; one species reared) and Dolichobela Turner (one species; Midilinae; reared) in Australia (Shaffer et al. 1996 , Robinson et al. 2007 . Published records of Capparis-feeding in the Western Hemisphere include Dichogama Lederer (11 species; Dichogaminae; four species. reared), Alatuncusia Amsel (Þve species; Dichogaminae; one species reared), and Cosmopterosis Amsel (four species; Glaphyriinae; two species reared). There are two other known pyraloids feeding on Capparaceae in Costa Rica, a gallmaker and a leafminer on fruit (M.A.S., unpublished). It is expected that other species in the pyraloid genera listed above also feed on Capparis or other genera of Capparaceae.
